The optical depth to microlensing toward M31 due to known stars in the disk of M31 itself is τ ∼ 2 × 10 −7 e −r/d where d is the disk scale length and r is the distance along the major axis. Thus, there can be significant lensing toward the M31 disk even if M31 contains no dark compact objects. The optical depth has a strong dependence on azimuthal angle: at fixed radius
Introduction
Three groups have recently detected a total of at least 13 candidate microlensing events presumably caused by compact objects in the Galaxy which magnify the light of distant stars (Alcock et al. 1993 by Paczyński (1986) as a way to detect massive compact halo objects (Machos) that may make up the dark matter in galactic halos. The observations by OGLE and MACHO toward the Galactic bulge were originally suggested by Paczyński (1991) and Griest et al. (1991) as a way to detect disk dark matter, to measure the low-mass end of the disk luminosity function, and better to constrain the distribution of Machos. However, even if some or all of the candidates prove to be real lensing events, this will not necessarily imply that the lenses make up (or even lie in) a dark halo. Gould (1994) suggested that the low event rate toward the LMC may indicate that the lenses lie in a dark thick disk. Gould, Miralda-Escudé, & Bahcall (1994) suggested that the lenses may lie in a thin disk and devised several methods to distinguish among the thin-disk, thick-disk, and halo models.
Gould et al. argued that the high event rate toward the bulge compared to that toward the LMC tends to favor a disk origin of the events. Giudice, Mollerach, & Roulet (1994) suggested that the MACHO and EROS events may be due to a dark spheroid, that is a spherical structure that cuts off much more rapidly than an r −2 halo. Crotts (1992) pointed out that the optical depth toward the disk of M31 by Machos in an M31 halo would be far higher than the optical depth toward the LMC by Machos in a Galactic halo. He also noted that observations toward M31 would have several other advantages, most notably that the near side of the M31 disk would have a very much lower lensing rate and therefore would provide an excellent control field. The principal drawback of observations toward M31 is that the fields are too crowded to resolve the stars. However, Tomany & Crotts (1994) have pioneered a ground-based method for detecting lensing events even for unresolved stars in > ∼ 1 ′′ seeing. Moreover, future space-based observations with 0. ′′ 1 seeing would be able to resolve stars in M31 approximately as well as current ground-based observations do for stars in the LMC. Lensing searches toward M31 are therefore technically feasible.
Here I point out that even if there are no compact dark objects in M31, the optical depth toward the M31 disk (due to known stars within the M31 disk itself) is quite high, τ ∼ 10 −7 . This evaluation holds at approximately one disk scale length along the major axis of the disk. The optical depth falls directly as the disk density (i.e. exponentially) as one proceeds radially outward. For fixed radius, the optical depth varies strongly as a function of azimuthal position. By measuring these variations, it should be possible to measure the scale height and scale length as well as the normalization of the mass of the M31 disk. These measurements would provide a direct check of the frequently used (but never tested) hypothesis that disk light traces disk mass. Of course, it is possible that the dark, r −2 halo of M31 is made of Machos.
In this case, the microlensing due to low-mass stars in the M31 disk would be dwarfed by that due to Machos, and it is unlikely that one could recognize the characteristic signature of disk lenses. Similarly, it is possible that M31 has a dark spheroid (a roughly spherical structure with a steeper, e.g., r −3.5 profile) which makes up some of the M31 dark matter, particularly in its inner portions. In this case also, it would be difficult to recognize the signature of a disk. However, in both these cases, it would be quite easy to recognize that the signal was due to a halo or to a spheroid and to map the characteristic features of either. Thus, in any event, lensing searches toward the M31 disk will yield valuable information about the mass distribution of M31.
Lensing By A Distant Disk
The Einstein radius, r e about a lens of mass M has a physical size given by where y ≡ D LS is now the distance between the lens and source.
Lensing of a Source in the Disk Plane
I assume that the mass of the M31 disk is distributed in a double exponential profile,
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where h and r are respectively the scale height and scale length of the disk and Σ 0 is the normalization. The density along the line of sight for a position y ≡ D LS relative to a source at radius r in the plane is then
where i = 75 • is the angle of inclination of M31 and φ is the azimuthal angle relative to the near minor axis. The optical depth to a source in the plane of the M31 disk is therefore
Lensing of Exponentially Distributed Sources
Equation (2.5) is appropriate if the majority of observed sources are very young (e.g. blue supergiants) and hence have a much lower scale height than the lenses.
(The same result applies in the hypothetical case that the lenses were confined to a plane and the sources were distributed exponentially.) At the opposite extreme, one may assume that the sources are distributed like the lenses, with exponential scale height h. In this case I find that the optical depth, τ, is higher τ = (3/2)τ 0 , so that
For observations carried out at optical wavelengths, one may expect that sources behind the M31 plane will be essentially completely blocked by dust. I then find that if the sources and lenses have the same exponential scale height, the optical depth is lower, τ = (1/2)τ 0 , 
Mapping the M31 Disk Mass Distribution
From equation (2.7) the lensing rate along the major axis is 
Practical Requirements
The precision of the measurement described in the previous section rests fundamentally on the possibility of obtaining a statistically significant sample of lensing events, and hence on observing a large number of M31 stars. The MACHO group finds for both the LMC bar fields and for Galactic bulge fields, that it is possible to observe stars down to a crowding limit of 10 6 stars deg −2 , in ∼ 2 ′′ seeing. In principle, it is possible to reach this crowding limit in any field by taking long enough exposures. That is, n, the number of observable stars per square degree should be related to the size of the seeing disk, θ s , by
In practice, the coefficient of θ −2 s will vary from field to field depending on the density of the partially resolved stars that are being monitored relative to the density of unresolved stars 1 or 2 mag below this limit. That is, if the crowding limit occurs at a flux level where there are many unresolved stars within 1 mag then it will be somewhat more difficult to follow lensing events than would be the case if the crowding limit occurred where there are few such stars. However, since Tomany & Crotts (1994) have demonstrated that there is no qualitative barrier to finding variables in extremely crowded fields, I will assume that equation (4.1) holds while recognizing that it will in general require some adjustment.
The total number of events observed is given by
where ω −1 is the (harmonic mean) time scale of the events, T is the length of the observations, and Ω is the position on the sky. Using this equation together with equation (2.7), I find a total lensing rate for the entire disk to be This calculation shows that HST is not suitable for this project. A specially designed telescope with a much larger field of view would be required.
Lensing By a Spheroid
As discussed by Giudice et al. (1994) it is possible that the MACHO and EROS events toward the LMC are generated by low-mass stars in the Galactic spheroid.
If so, it would also be plausible to expect significant lensing by the M31 spheroid.
Here, I present analytic results for lensing of sources in the M31 disk by a spherical spheroid having core radius a and asymptotic fall-off as r −n , n > 2. I then discuss the implications for lensing experiments toward M31.
Analytic Formulae
Suppose that lenses are distributed in the M31 spheroid with a density distri- 
Implications For Observations of M31
The pattern of the optical depth for a power-law spheroid differs substantially from that of an exponential disk. The optical depth of a disk is exponential in radius, while the optical depth of a spheroid is a power law with an index two lower than the spheroid itself. This is immediately apparent for the major axis from equation (6.5) , but in fact is true at any fixed azimuthal angle. The azimuthal dependence of the optical depth is more pronounced for a spheroid than for a disk.
For a ≪ b, the ratio on the (far minor axis):(major axis):(near minor axis) at fixed radius is 0.51:1:29 for an n = 3 spheroid and 0.34:1:175 for n = 4. For a spheroid with a steep index, it is possible that at a given radius, the near minor axis will be dominated by the spheroid, while the major axes are dominated by the disk.
